Introduction
Acute myocardial infarction (AMI) is categorized, according to the presenting electrocardiogram (ECG), into non-ST-elevation myocardial infarction (non-STEMI), ST-elevation myocardial infarction (STEMI), or bundle branch block myocardial infarction (BBBMI). 1 Treatment is tailored according to these categories. Thus, patients with non-STEMI should be stabilized medically and scheduled for an early (within days) interventional strategy. 2, 3 Patients with STEMI or BBBMI should be treated acutely with thrombolysis or primary percutanous coronary intervention (primary PCI), if admitted within 12 h of onset of symptoms. 1, [4] [5] [6] Hitherto, data on prognosis according to the different categories of AMI mainly originated from registries based on voluntarily reported cases, [7] [8] [9] or from large-scale randomized controlled trials with numerous inclusion and exclusion criteria. These registries and trials may be hampered by selection and information bias. The purpose of this study was to evaluate the prognostic significance of the different categories of AMI in an unselected cohort of patients.
Methods Population
The study region encompassed 139 000 inhabitants. A local hospital (Randers County Hospital) and an interventional centre with primary PCI facilities (Skejby University Hospital) served the study region. The interventional centre was located 35 km from the local hospital. From 1 November 1999 to 31 October 2001, all hospital admissions were registered to identify: (i) all patients who were admitted as emergencies to the coronary care unit at the local hospital (any hospital diagnosis); (ii) all patients assigned a hospital diagnosis of AMI at other medical departments at the local hospital; and/or (iii) patients transferred acutely to the interventional centre for primary PCI. Patients transferred from other departments due to perioperative myocardial infarction, or from other hospitals in which they initially had been treated for AMI, were excluded. Patient records and laboratory data were reviewed. ECGs for the first 48 h of admission, and an ECG from a previous admission (if present) were collected for the following patients: (i) patients with a rise in coronary biochemical markers {creati-nine kinase (CK) level ! 150 U/L, creatinine kinase myocardial band þ brain band [CK(M)B þ BB] level ! 12 U/L, creatinine kinase myocardial band (CKMB) level ! 10 mg/L or troponin-T (tnT) level ! 0.10 mg/L} within 24 h of admission; (ii) patients treated with thrombolysis or primary PCI; (iii) patients assigned a hospital diagnosis of AMI at discharge; and (iv) patients assigned a pre-hospital or in-hospital working diagnosis of STEMI or BBBMI. To identify patients who fulfilled the European Society of Cardiology (ESC) and American College of Cardiology (ACC) criteria of AMI 10 within 24 h of admission, an Endpoint Committee (C.J.T., J.F.L., B.L.N. and J.C.G.) reviewed all the collected material. If agreement was reached between two members of the Endpoint Committee then the diagnosis of AMI was accepted, otherwise additional members were consulted and a majority vote accepted. In addition to the ESC/ACC criteria of AMI, the Endpoint Committee accepted a diagnosis of AMI in patients dying prior to blood sampling or before a possible rise in coronary biochemical markers could be detected, if typical symptoms and ECG signs of AMI were present on admission. A diagnosis of aborted MI was accepted in patients with normal levels of coronary biochemical markers, if the patient presented with typical symptoms of AMI and ST-elevation that disappeared after early initiation of reperfusion therapy.
Based on the presenting ECGs, the Endpoint Committee categorized the type of AMI: STEMI was present if ST-segment elevation occurred in two adjacent leads (!0.1 mV in lead I, II, III, aVF, aVL, V4-V6 or !0.2 mV in leads V1-V3). If new (or presumably new) bundle branch block (BBB) was present (absence of BBB on prior admission or no prior ECG) the AMI was categorized as BBBMI. The remaining patients, including those with pacemaker-rhythm and pre-existing BBB, were categorized as having non-STEMI. If signs of AMI were not present on admission but appeared within 24 h of admission, the subtype of AMI was categorized according to the assumed index ECG.
Data collection
The following variables were registered from the patient files: age, sex, history of hypertension, diabetes, congestive heart failure (CHF), angina pectoris (AP), previous myocardial infarction (MI), coronary artery bypass grafting (CABG), or PCI, smoking (within 1 year), pre-hospital contact with a primary care physician, ambulance transportation or not to hospital, on-scene delay (time from ambulance arrival on-scene to scene departure), transport delay (time from ambulance call to arrival at hospital), pre-hospital delay (time from onset of symptoms to arrival at hospital), medical treatment on admission, heart rhythm and rate in the admission ECG, type of reperfusion therapy (thrombolysis or primary PCI), hyperlipidaemia (treatment with lipid-lowering drugs on admission or at discharge, total cholesterol .5.0, or low-density lipoprotein .3.0), peak level of coronary biochemical markers and plasma creatinine within 72 h of admission, PCI or CABG performed during hospitalization or scheduled at discharge, ejection fraction (by echocardiography or ventriculography), and medication at discharge. The 1 November 2003 available data from the first coronary angiography performed following the index myocardial infarction (number and location of diseased vessels with stenosis .50%) were collected from a central administrative angiography registry, and mortality data were registered using the Civil Registration system registry (CPR registry) in Denmark. Median follow-up time was 2.4 years (inter-quartile range: 0.6-3.1 years).
Statistics
Categorical variables are expressed as % (n ) and continuous variables as medians (inter-quartile range). The Fisher Exact test and Kruskal-Wallis test were used for comparison of categorical and continuous variables as appropriate. Unadjusted survival data are plotted as Kaplan-Meier curves, and comparison between groups was performed using log rank statistics. Cox regression analysis was used to evaluate the prognostic significance of the following variables concerning mortality at follow-up: age, sex, history of hypertension, diabetes, CHF, AP, or MI, smoking (within 1 year), pre-hospital contact with primary care physician, ambulance transportation or not to hospital, on-scene delay, transport delay, pre-hospital delay, heart rhythm and rate in the admission ECG, ejection fraction, hyperlipidaemia, peak level of coronary biochemical markers and plasma creatinine within 72 h of admission, medical treatment on admission, and coronary angiography data (number and location of diseased vessels with stenosis .50%). Hazard ratios (95% CI) are presented. The proportional hazard assumption was checked for each categorical variable through visual inspection and by the method described by Grambsch and Therneau, 11 using the Schoenfeld residuals. For continuous variables, the linearity assumption was checked graphically for all variables using the Martingale residuals. Analysis of interaction between covariates was made for the categories of AMI vs. coronary biochemical marker rise. Variables with P , 0.20 in the univariable Cox regression analysis were included in the multivariable Cox regression model. However, the following variables were not considered for inclusion in the multivariable model since data were only available in a minority of patients: CK, CK(M)B þ BB, and coronary angiography data. The number of parameters included in the multivariable model was held below one-tenth of the number of events. 
Results
In the 2 year study period, hospital records and laboratory data were reviewed from 4815 patient admissions. The Endpoint Committee identified 727 cases of AMI in 654 patients, and categorized 57.6% (n ¼ 419) as non-STEMI, 36.5% (n ¼ 265) as STEMI, and 5.9% (n ¼ 43) as BBBMI. In 11 cases the Endpoint Committee confirmed a hospital diagnosis of AMI despite the lack of coronary biochemical marker rise: 1 with aborted MI, whereas the remaining 10 presented with classical symptoms and ECG manifestations of AMI, however, death occurred before blood sampling or a rise in biochemical markers could be detected (four with non-STEMI, four with STEMI, and two with BBBMI). Including patients first registered at admission only, 54.1% (n ¼ 354) of AMIs were categorized as non-STEMI, 39.4% (n ¼ 258) as STEMI, and 6.4% (n ¼ 42) as BBBMI.
When compared with patients with non-STEMI and BBBMI, patients with STEMI were younger, more often male, less often with a history of diabetes, CHF, or previous MI, with a shorter pre-hospital delay and lower heart rate on admission, more often with sinus rhythm on admission and hyperlipidaemia, and presenting a higher peak coronary biochemical marker rise and lower peak creatinine level ( Table 1) . Patients with non-STEMI had a higher ejection fraction compared with patients with STEMI and BBBMI ( Table 1) . No difference in the number and location of diseased coronary vessels could be demonstrated between patients according to the different categories of AMI ( Table 1) .
Patients with STEMI were less often treated with angiotensin-converting enzyme inhibitors, angiotensin-2-antagonists, beta-blockers, aspirin or diuretics on admission, and diuretics at discharge, and more often with beta-blockers, clopidogrel and lipid-lowering drugs at discharge, when compared with the rest of the study group ( Table 2) .
Among patients with STEMI, 79% (n ¼ 205) were admitted within 12 h of symptom onset, 70% (n ¼ 143) of the latter were treated acutely with reperfusion therapy (Table 3) . Median (IQR) age among patients with STEMI receiving reperfusion therapy was 65 (56-73) years, and median (IQR) pre-hospital delay 2.3 (1.1-4.5) h. Among patients with non-STEMI, 48% (n ¼ 170) were scheduled for an early interventional strategy ( Table 3 ). The latter patients had a median (IQR) age of 67 (58-76) years and presented with a median (IQR) pre-hospital delay of 4.0 (1.8-7.6) h.
The unadjusted 1 year mortality was 28.1% in the complete cohort, being 30.5%, 20.5%, and 54.8% in patients with non-STEMI, STEMI, and BBBMI, respectively (log rank 54, P , 0.001) ( Table 3 ) (Figure 1) . Lower 1 year mortality was observed in patients admitted within 12 h of symptom onset (n ¼ 433) compared with patients admitted later after the onset of symptoms (n ¼ 221) (22.9% vs. 38.5%, log rank 30, P , 0.001). Among patients with non-STEMI, lower 1 year mortality was observed in patients scheduled for an early interventional strategy (n ¼ 170) compared with patients treated conservatively (n ¼ 184) (10.0% vs. 49.5%, log rank 95, P , 0.001). Among patients with STEMI admitted within 12 h of symptom onset, lower 1 year mortality was observed in those treated with reperfusion therapy (n ¼ 143) compared with those treated conservatively (n ¼ 62) (10.5% vs. 33.9%, log rank 18, P , 0.001). Among patients with non-STEMI, 10.5% (n ¼ 37) had pre-existing BBB. These patients had a higher 1 year mortality compared with non-STEMI without pre-existing BBB (n ¼ 317) (50.0% vs. 28.4%, log rank 10, P ¼ 0.015).
Variables predicting mortality at follow-up according to univariable Cox regression analyses are presented in Table 4 . TnT did not provide prognostic information in the complete study cohort, and high levels of CK, CK(M)B þ BB as well as CKMB were associated with an improved clinical outcome ( Table 4) . Sub-analyses revealed statistical interaction between the categories of AMI and biochemical marker rise, thus, the latter associations were not statistically significant within the different categories of AMI. Within the group of non-STEMI patients high levels of tnT were associated with poor prognosis [hazard ratio ¼ RR ¼ 1.124 (1.037-1.219), P ¼ 0.005].
The following risk variables provided independent prognostic information in multivariable analysis: age, peak creatinine level within 72 h of admission, history of CHF, pre-hospital delay, ejection fraction, and category of AMI (Model I) ( Table 5) . When refitting the model in the whole population, based on imputed missing values, pre-hospital delay did not remain significant (Model II) ( Table 5) . When including a fourth category of AMI, patients with non-STEMI and pre-existing BBB presented an intermediate hazard compared with non-STEMI-patients without pre-existing BBB and patients with BBBMI (Model III) ( Table 5 ).
Discussion
The aim of the present study was to evaluate the prognostic significance of different categories of AMI in an unselected cohort of patients. In these terms it is considered as a 'confirmative prognostic factor study'. 14 We believe that this study is unique in that a total cohort of patients admitted with AMI from the chosen study region was identified, a diagnosis of AMI was only accepted if confirmed by an Endpoint Committee and fulfilling the ESC/ACC criteria of AMI (with minor modifications), and the three categories of AMI (non-STEMI, STEMI, and BBBMI) were accepted as independent entities, thus STEMI and BBBMI were not combined. Thereby, potential selection and information bias was limited.
The present study was performed during the same period as the Global Registry of Acute Coronary Events (GRACE), the Euro Heart Survey of Acute Coronary Syndromes (EHS-ACS), and the third National Registry of Myocardial Infarction (NRMI-3). 8, 9, 15, 16 Nonetheless, the proportion of patients with STEMI was 52% in GRACE 15 and 63% in EHS-ACS, 8 hence considerably higher than the 39% observed in the present study. Moreover, the in-hospital mortality of 5% observed in both GRACE and EHS-ACS, 8, 15 as well as the in-hospital mortality of 9% observed in NRMI-3, 9 were lower than the 14% observed in the present study. These discrepancies may be explained by the fact that all three registries relied on voluntarily reported cases. Thus, it may be that large myocardial infarctions (instantly detectable on admission) were more likely to be registered, resulting in a higher proportion of patients with STEMI being included. Moreover, no methods ensured that consecutive patients were included in these registries. In GRACE and EHS-ACS, some patients were required to give consent to join the registries, a strategy potentially leading to exclusion of high-risk patients who could not receive information or give written consent. 8, 15 Patients dying within 24 h of admission tended to be excluded from GRACE, which also in part explains the low mortality observed. 17, 18 In EHS-ACS a high proportion of patients were registered Categorical data are presented as % (n) and continuous data as median values (inter-quartile range). a At time of follow-up. CAG: coronary angiography. CABG: coronary artery by pass grafting. CK: creatinine kinase. CK(M)B þ BB: creatinine kinase myocardial band þ brain band. CKMB: creatinine kinase myocardial band. CX: circumflex artery. LAD: left anterior descending artery. n: number of valid cases. On-scene delay: time from ambulance arrival at the scene of event to ambulance departure. PCI: percutanous coronary intervention. Pre-hospital delay: time from onset of symptoms to arrival at hospital. RCA: right coronary artery. Transport delay: time from ambulance call to arrival at hospital. at academic centres with revascularization facilities, hence potentially resulting in selection bias and contributing to the lower mortality observed. 8 In GRACE, patients with BBBMI were categorized as STEMI, thus any improved outcome in patients with STEMI as compared to non-STEMI may have been underestimated. 19 Finally, in none of the three registries was an Endpoint Committee consulted to reach agreement upon diagnosis, thus potentially leading to information bias. 8, 9 The mortality observed in the present study was also considerably higher than expected from numerous large-scale clinical trials, in which 1 year mortality consistently is reported as ,10%.
5,6,20-24 Possible explanations are that numerous inclusion and exclusion criteria are implemented in the latter trials, patients included in the latter trials are admitted in a favourable condition enabling them to give written informed consent, and the proportion of patients receiving optimal reperfusion therapy is considerably higher in the latter trials when compared with the real world scenario. 7 Moreover, an inherent selection bias is always present in large-scale clinical trials as evident from the fact that higher mortality is observed among those eligible for inclusion but not included in the trials. 25, 26 The latter is consistent with the findings in the present study, in which the subgroup of patients with STEMI treated with reperfusion therapy had significantly lower mortality when compared with remaining STEMI patients admitted within 12 h of symptom onset.
The observation in the present study that patients with non-STEMI have higher unadjusted mortality compared with patients with STEMI has previously been explained by the fact that the former patients have more pronounced co-morbidity as well as more frequent multivessel disease. 16 Indeed, we found several risk factors to be more frequent among non-STEMI patients. However, there were no differences in the number of diseased vessels, and ejection fraction was higher, and coronary biochemical marker release lower, among patients with non-STEMI compared with patients with STEMI. Moreover, the more favourable outcome in patients with STEMI remained significant according to multivariable Cox regression analyses. It may also be speculated that a part of the more favourable outcome in patients with STEMI is influenced by different treatment strategies. In the FRISC-II and TACTICS trials a benefit from an early interventional treatment strategy was documented in patients with non-STEMI. 27 However, the present study was performed in a period in which the early interventional strategy was not fully implemented. Nonetheless, one-half of patients with non-STEMI were scheduled for an early interventional strategy, comparable to the findings in GRACE. 7, 19 The availability in the present study of new biochemical markers such as the troponins in the majority of patients, combined with the Endpoint Committee's implementation of the redefined ESC/ACC criteria of AMI, may also contribute to the lower number of patients categorized as STEMI when compared with GRACE and EHS-ACS, as well as the higher mortality observed in patients with non-STEMI compared with patients with STEMI. Previous findings indicate that changing the AMI diagnostic strategy, from the older WHO to the ESC/ACC criteria introduced in 2000, leads to the identification of nearly 50% additional patients. 28 The majority of these patients are categorized as having non-STEMI, and among these higher mortality is observed when compared with patients identified by the WHO criteria. 28 The mortality among patients with BBBMI was extremely high in the present study consistent with previous findings. 29, 30 Likewise, patients with BBBMI were found to have more co-morbid illness than those with non-STEMI or STEMI. 29 The proportion of patients with BBBMI was lower than the 13% observed in the Second National Registry of Myocardial Infarction (NRMI-2). 29 In the latter registry, however, all patients admitted with AMI and BBB were categorized as BBBMI. In the present study, patients with AMI who had pre-existing BBB (identified on previous admission) were categorized as non-STEMI. This may in part explain the higher in-hospital mortality observed among BBBMI patients when compared with the 23% observed in NRMI-2. The use of reperfusion therapy in patients with BBBMI admitted within 12 h of symptom onset was comparable to the 8% observed in NRMI-2. 29 The hesitation to initiate reperfusion therapy in patients with BBBMI probably relies on the fact that the diagnosis is difficult to establish in the acute phase, and it may be speculated whether referral of all chest pain patients with documented or presumably new BBB (normal previous ECG or no previous ECG) to an interventional centre is the optimal diagnostic strategy. Whether patients with AMI and pre-existing BBB should be categorized as having non-STEMI may be a matter of controversy. Certainly, an intermediate hazard was observed in these patients compared with remaining patients with non-STEMI and patients with BBBMI. However, we believe that the implemented categories are the ones used in real life when tailoring therapy. Furthermore, implementation of a fourth category of AMI (non-STEMI with pre-existing BBB) in the multivariable analysis did not seem to change the hazard in patients having non-STEMI without pre-existing BBB. The broader confidence limits observed probably reflect the limited power of the present study, thus indicating the need for larger confirmative prognostic studies in the future.
Rather unexpectedly we found that the tnT level did not provide independent prognostic information in the complete cohort of patients with AMI, but within the group of patients having non-STEMI. This is explained by interaction between variables, i.e. mortality was lower, but the tnT rise higher, in patients with STEMI compared with patients with non-STEMI. In patients with STEMI, the high tnT levels may in part be a mere result of tnT release in relation to reperfusion therapy. Thus, the prognostic information achieved from biochemical markers probably should be interpreted according to the category of AMI.
The higher patient age and more prolonged prehospital delay observed in the present study compared with GRACE and EHS-ACS is also expected to reflect the real-life scenario. Thus, among patients with STEMI treated with reperfusion therapy and patients with non-STEMI scheduled for an early interventional strategy, the median age was comparable to previous observations in large-scale European trials. 20, 27 This is consistent with findings by Jha and colleagues 31 reporting a considerably higher age among non-trial patients compared with trial patients. In patients with STEMI treated with reperfusion therapy the median pre-hospital delay was even shorter in the present study compared with EHS-ACS. 8 
Study limitations
As in any study, potential residual confounding may have been present, i.e. inclusion of other baseline variables could have delivered additional prognostic information. Certainly, Killip class was considered for inclusion in the Cox regression analysis. However, this parameter was not routinely registered in the patient records. Furthermore, Killip class may be considered as a consequence of the category of AMI, i.e. a higher Killip class is expected in patients with STEMI because of a greater deterioration in left ventricular function. 32, 33 In this setting inclusion of Killip class would result in overadjustment and thus underestimate the real prognostic information achieved from the AMI categorization. Selection bias was limited. In Denmark, all AMI patients are admitted to public hospitals, and only two hospitals served the study region, hence all hospital-admitted patients should have been identified. However, a small number of patients initially admitted to the emergency care unit may have died immediately following admission before being assigned to a ward. Any such patients would be missed in the present study, but they would be few in number and, if anything, result in an underestimation of mortality. Potential information bias was also limited because the AMI diagnosis was only accepted if confirmed by an Endpoint Committee. Concerning the external study validity, one should always be cautious in extrapolating the results to other regions, and the present findings are at most representative for hospital-admitted patients with AMI since the study did not include nonadmitted patients.
Perspectives
The high mortality observed in the present study compared with consistently lower mortality reported in voluntary-based registries and large-scale clinical trials calls for care when extrapolating results and outcomes of voluntary registries and clinical trials to the real world clinical scenario. In planning future trials, one should implement this knowledge and consider limiting the number of inclusion and exclusion criteria to achieve higher event rates and improve the external study validity. Assuming that the strategy of acute reperfusion therapy and adjunctive medication contributes to the more favourable outcome observed in patients with STEMI, further clarification of the role of catheter-based and adjunctive pharmacological interventions in patients with BBBMI and non-STEMI are needed.
Conclusion
In an unselected cohort of patients admitted with AMI, the mortality is considerably higher than expected from voluntary-based registries and large-scale clinical trials, and the most favourable outcome is observed in patients with STEMI.
